International Journal of Advanced Technology in Civil Engineering
Volume 2

Issue 1

Article 1

January 2013

EFFECT OF COAL BOTTOM ASH AS SAND REPLACEMENT ON
THE PROPERTIES OF CONCRETE WITH DIFFERENT W/C RATIO
M.P. KADAM
NDMVP’S KBTCOE, Gangapur road, Nashik-422013, India, kadammadhav@yahoo.co.in

Y.D. PATIL
S V National Institue of Technology, Ichchhanath, Surat-395007, India, chipatil@yahoo.com

Follow this and additional works at: https://www.interscience.in/ijatce

Recommended Citation
KADAM, M.P. and PATIL, Y.D. (2013) "EFFECT OF COAL BOTTOM ASH AS SAND REPLACEMENT ON THE
PROPERTIES OF CONCRETE WITH DIFFERENT W/C RATIO," International Journal of Advanced Technology
in Civil Engineering: Vol. 2: Iss. 1, Article 1.
DOI: 10.47893/IJATCE.2013.1049
Available at: https://www.interscience.in/ijatce/vol2/iss1/1

This Article is brought to you for free and open access by the Interscience Journals at Interscience Research
Network. It has been accepted for inclusion in International Journal of Advanced Technology in Civil Engineering by
an authorized editor of Interscience Research Network. For more information, please contact
sritampatnaik@gmail.com.

Effect of coal bottom ash as sand replacement on the properties of concrete with different w/c ratio

EFFECT OF COAL BOTTOM ASH AS SAND REPLACEMENT ON
THE PROPERTIES OF CONCRETE WITH DIFFERENT W/C RATIO
M.P.KADAM1, DR.Y.D. PATIL2
1
Department of civil engineering, NDMVP’S KBTCOE, Gangapur road, Nashik-422013, India
Department of Applied Mechanics, S V National Institue of Technology, Ichchhanath, Surat-395007, India
Email: kadammadhav@yahoo.co.in, chipatil@yahoo.com

2

Abstract— The effects of coal bottom ash as fine aggregates in place of sand was used and compressive strength, split
tensile strength, flexural strength, Modulus of Elasticity, Density and water permeability are studied. The natural sand was
replaced with coal bottom ash by 0%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, and 100% by weight, as water
absorption of bottom ash was more so that quantity of water was increased to achieve 100 mm slump. The results shows
that the compressive strength, split tensile strength and flexural strength decreased as the percentage of replacement coal
bottom ash increased as compared to controlled concrete. In this work slump was kept constant 100 ± 10 mm. To achieve
the required slump water quantity was increased as percentage replacement increased. It was observed that up to 30%
replacement the results of compressive, flexural, split and water permeability test are approximately same as that of the
controlled concrete.
Keywords-Coal Bottom Ash; split tensile strength; Flexural strength; Permeability; Modulus of elasticity.

I. INTRODUCTION
Mix design M-35 grade of concrete was used to study
the different harden properties of concrete. Coal
bottom ash was taken from Eklahare thermal power
plant Nashik city in Maharashtra. Bottom ash has
coarse particle size, higher water absorption and
usually no pozzolanic effect. Therefore, it is dumped
in land fill sites or discharged in pond in mass
quantity and is easily available with free of cost. A
previous in literature survey has indicated that,
thermal power plant bottom ash would be a potential
fine aggregate in concrete. The thermal power plants
are the main source of power generation in India.
These thermal power plants have been generating
about two thirds of the power demands of the
country. There are about forty major thermal power
plants in India. World at present produces around
approximately 1528 Million Tons of coal fly ash
when India at present produces around 120 Million
Tons of Ash per annum [15]. The beneficial use of fly
ash in concrete is the preferable option for safe and
economical utilization of millions tons of fly ash.
There is a critical need to find new methods for using
fly ash for its highest and best use. The major
obstacle in use of bottom ash in a concrete is that the
chemical properties of coal bottom ash are different
from place to place and are depends upon the origin
of the raw material. It was found that water
absorption of bottom ash which is received from
Eklahare thermal power plant Nashik was around 10
% greater than natural sand that indicates that the
porosity of fly ash is high. Malohtra (1996) reported
that at least 70 % of total fly ash is generally suitable
for use as a cement replacement in concrete. On
Indian scenario it is observed that at very few places

good quality of sand may be available in plenty. All
metro and mega cities in India are facing acute
shortages of good quality of sand. At some places
sand available is coarser than Zone I sand and hence
not suitable for construction work. In contrast to the
sand, bottom ash is available in huge quantity due to
more and more thermal power plants in India.
II. LITERATURE REVIEW
Andrade L.B and Rocha (2009) et al reported that
the porosity of bottom ash is high so that the w/c ratio
of the concrete cannot be taken as exact. Chai
Jaturapitakkul and Raungrut Cheerarot (2003)
reported that bottom ash has a high potential to
develop to be a good pozzolanic material. Rafat
Siddique (2003) carried out a detailed investigation
about mechanical properties of concrete mixtures in
which fine aggregates was partially replaced with
class F fly ash by weight. Trakool Aramraks (2006)
reported that bottom ash required water content
approximately 25 to 50% more than normal concrete
to obtain suitable workability and bottom ash
concrete was better than permeability of normal
concrete. Aggarwal P. and Aggarwal Y. (2007) et al
reported that the workability of concrete decreased
with the increase in bottom ash due to the increase in
water demand. H.K. kim and H.K. Lee (2011)
detailed experimental investigation carried out to
evaluate the effect of fine and coarse bottom ash on
the flow characteristics and density of concrete
mixture and found that both of fine and coarse bottom
ash aggregates had more influence on flexural
strength than compressive strength. Ratchayut
Kasemchaisir and Somnuk Tangtermsirikul (2008)
reported that durability, chloride ion permeability,
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carbonation depth and shrinkage in drying with 10%
bottom ash where lager than those of the controlled
concrete. Mohd Syahrul Hisyam bin Mohd Sani and
Fadhluhartini bt Muftah (2010) et al reported that
Sive analysis conducted on washed bottom ash is
more suitable for mortar rather than concreting sand.

the limit given by IS: 383-1970 except that 600
microns.
TABLE I.

PHYSICAL PROPERTIES

Cement-UltraTech 53 grades Ordinary Portland
cement was used for this study. This cement is the
most widely used one in the construction industry in
India. Course and fine aggregates of 10 mm and 20
mm size was used for this study which taken from
Masrul-Nashik, Maharashtra and natural sand of river
bed was used confirming to grading Zone –I of table 4
of IS 383 were procured from Tapi river Nandurbar
Maharashtra. Coal bottom ash was obtained from
Eklahare thermal power plant Nashik city in
Maharashtra. Drinking water was used to improve the
workability of fresh concrete. Number of trials was
taken to decide the doses of extra water in concrete.
To achieve the required 100 mm slump up to 30%
replacement of bottom ash no extra water was
required but remaining replacement extra was
required.

Cumulative percentage passing

III. MATERIALS AND METHOD
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Figure 2. Particle size distribution for sand and bottom ash in
Zone- I
IV. MATERIALS AND METHOD

Figure 1. Particle size distribution after sive analysis of bottom
ash

A. A→ Physical properties
The physical properties of course fine aggregates
and bottom ash was determined. The fineness
modulus of bottom ash, sand, 10 mm and 20 mm
coarse aggregates was found to be 2.7 , 3.75, .6.76
and 7.64 respectively. The specific gravity of bottom
ash, sand, 10 mm and 20 mm coarse aggregates was
found to be 1.93, 2.62, 2.75 and 2.67 respectively. It
was observed that the specific gravity of bottom ash
is less as compared to natural sand. It was also found
that water absorption is very high as compared with
sand and coarse aggregates. Table I show the fineness
modulus, Specific gravity and Water absorption of
Course aggregates, sand and Bottom ash respectively.
Fig.2 shows the grain size distributions of natural
sand and bottom ash. Generally the bottom ash was
well graded. A majority of the sizes occurred in a
range between 4.75 mm to 0 .6 mm very small
portion was in between 0.3 mm to 0.075 mm. The
grain size of natural sand and bottom ash was within

The mix proportion chosen for this study shown in
table II and III concrete mixture with different
proportions of coal bottom ash ranging from 0 % (for
control mix) to 10 to 100 % replacement for sand
were considered. The M-35 grade mix design was
selected for w/c ratio 0.45. In this study slump was
kept 100 ± 10 mm. For this work total 165 cubes
specimen, 132 cylindrical specimens and 132 beam
specimens were casted and tested for compressive
strength, split tensile strength, flexural strength and
water permeability. For this work total 429 test
specimen were casted and tested. Table I shows the
mix proportions and mix ratio. Table II shows the
material consumed with different proportions of coal
bottom ash with cement in one kg/ m3.
B. A→ Preparation of test specimens
For mixing the concrete a half bag mixture was
used. First coarse aggregates of 20 mm, 10 mm were
placed in the mixture then sand and cement were
mixed together in dry state then water was added and
mixed until the homogeneous mixture were obtained.
Each batch is mixed around 4 to 5 minutes and then
the mixture was placed in a metallic try and
immediately the slump was checked before the
concrete was placed in different mould. For this work
drinking water was used for throughout curing
process
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TABLE II.

MIX PROPORTIONS (KG / M3) AND MIX RATIO

TABLE III.
CONCRETE MIXTURES WITH DIFFERENT
3
PROPORTIONS OF COAL BOTTOM ASH WITH CEMENT IN KG/M

Figure 3. Curing tank with specimen

V. TEST RESULTS AND DISCUSSIONS
G. A→ Effect of coal bottom ash on compressive
strength
Compressive strength of concrete mixed made
with and without coal bottom ash of cubes size 150
mm × 150 mm × 150 mm was determined at 7, 28,
56, and 112 days. The test results are given in figure
4 the maximum load at failure reading was taken and
the average compressive strength is calculated using
the following relation.

C. B→ Cube
Cube of size 150 mm × 150 mm × 150 mm were
used. The cube were cleaned thoroughly a waste cloth
and then properly oil was applied along its faces.
Concrete was then filled in mould in three layers,
while filling the mould concrete was compacted using
tamping road of 600 mm having a cross sectional area
of 25 mm2 then the mould are kept on the vibrating
table for proper compaction and then the mould are
kept on plane and level surface in the laboratory for
24 hours and then cubes are removed from the mould
and kept for curing. For this study 132 specimens was
casted and tested for 7, 28, 56, and 112 days
D. C→ Cylindrical
Cylindrical mould of diameter 150 mm and height
300 mm were used. The oil was applied along the
inner surface of the mould for easy removal of
cylinder from the mould. Concrete was poured
throughout its length and compacted well by tamping
road as well as vibrating table. For this report 132
cylindrical specimen are casted and tested.
E. D→ Beam
Beam mould of size 100 mm × 100 mm × 500
mm was used. The oil was applied along the inner
surface of the mould for easy removal of beam from
mould. Concrete was poured throughout its length
and compacted well by tamping road as well as
vibrating table.
F. E→ Curing
After casting of all cubes, cylindrical and beam
specimen are kept for curing in curing tank. The
drinking water was used for throughout curing
process. While curing process at every week the
water was removed and fresh drinking water added
up to 112 days

Here 0 to 100 % of coal bottom ash was replaced
with sand and optimum percentage of replacement
was obtained at 30 % replacement of bottom ash with
sand. For controlled concrete the compressive
strength was found to be 27.71, 41.62, and 50.53 and
53.81 N/mm2 for 7, 28, 56 and 112 days respectively.
It was observed that for 10 % and 20 % sand
replacement the compressive strength was increased
from 4.6 %, 3.05,.1.99, 0.65and and 3.99 %, 2.40,
0.61%, 0.20 % for 7, 28, 56 and 112 days
respectively as compared with controlled concrete.
The compressive strength was decreased from 30% to
100 % replacement 2.07 % to 22.30%, 4.97 % to
33.66 %, 1.23 % to 38.99, and 0.78 % to 36.83 % for
7, 28, 56 and 112 days respectively as compared with
controlled concrete. The bottom ash concrete gains
strength at a slower rate in the initial period and
acquires strength at faster rate after 28 days due to
pozzolanic action of bottom ash. At early age bottom
ash reacts with calcium hydroxide liberated during
hydration of cement and does not contribute
significantly to the densification of concrete matrix at
early ages. It was observed that crack pattern in the
cube specimen were formed randomly and cracks are
propagated through bottom ash particle were as in
controlled concrete the cracks are propagated through
coarse aggregates.
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I.

Figure 4. Compressive strength coal bottom concrete ash with
age

H. B→ Effect of coal bottom ash on split tensile
strength
The specimen of size 150 mm in diameter and
length of 300 mm was casted and tested under the
digital CTM of capacity 300 ton. The specimen was
kept under CTM at the center with play wood of
thickness 5 mm at top and bottom and load was
applied with pace rate 1.3 KN/seconds and ultimate
loading was noted. Split tensile strength was shown
in fig.5. The spilt tensile strength was calculated
according to IS - 5816-1970 and IS 516 – 1959 code
by the relation
Where
= split tensile
strength in N/mm2, P = Maximum load at failure, L =
span, D = Diameter of specimen. The split tensile
strength for controlled concrete was found 3.01, 4.34,
5.22 and 5.42 for 7, 28, 56 and 112 days. It was
observed that for 10 % to 20 % sand replacement the
spilt tensile strength was increased from 14.29 2.29,
.1.73, 0.00 % for 10 % replacement at 7, 28, 56 and
112 days respectively with controlled concrete. The
split tensile strength for 20 % replacement was
increased by 8.97 %, and 1.67 % at 7, 28 days and
decrease for 56 and 112 days compared with
controlled concrete It was found that the split tensile
strength decreased from 30 % to 100 % replacement
by 1.67 to 40.57 %, 0.46 to 39.86 %, 0.76 to 46.55 %
and 3.51 to 45.20 % for 7, 28, 56 and 112 days with
respect to controlled concrete. Figure 5 shows the
split tensile strength at different ages. Splitting tensile
strength of concrete decreases with the increased in
bottom ash as fine aggregates in place of natural sand.
At the time casting it was observed that segregation
of particle was fond. After testing the cylindrical
specimen bottom ash particle was fond at the top
without coarser aggregates having thickness ten to
thirty mm.

Figure 5. Split tensile strength of coal bottom ash concrete with
age

C→ Effect of coal bottom ash on flexural
strength
The beam specimen of size 100 mm × 100 mm ×
500 mm was tested for single point load at the
midpoint under the UTM of capacity 100 ton. The
flexural strength is calculated as per IS 456 – 2000
and IS 516 – 1959 by using the relation
Where σb = Modulus of rupture in N/mm2,
P = Maximum load, L = span, b = width of specimen,
d = depth of specimen. The flexural strength was
increased for 10 %, 20% and 30 % replacement as
compared to controlled concrete. For 10 %
replacement it was increased by 13.04, 5.45, 5.45 and
4.91 at 7, 28, 56, and 112 days respectively. For 20 %
replacement it was increased by 11.18, 3.57, 4.46 and
4.41 at 7, 28, 56, and 112 days respectively For 30 %
replacement it was increased by 8.39, 2.19, 2.72 and
2.69 at 7, 28, 56, and 112 days respectively as
compared to controlled concrete. The split tensile
strength was decreased from 40 % to 100 %
replacement from 7.45 to 23.61, 0.82 to 17.53, 1.73 to
18.56 and 1.72 to 15.20 at 7, 28, 56 and 112 days
respectively with compared ,to controlled concrete.
The bottom ash concrete gains flexural strength with
the age that is comparable but less than that of the
controlled concrete. It is believed to be due to the
poor interlocking between the aggregates, as bottom
ash particles are spherical in nature. Figure 6 shows
the variation in flexural strength for different
replacement with respect to controlled concrete for 7
days, 28 days, 56 days and 112 days respectively.
Figure 6 shows flexural strength of concrete.

Figure6. Effect of coal bottom ash on flexural strength of
concrete with age

D→ Effect of coal bottom ash on density of
concrete
The densities of hardened concrete specimens with
different percentage replacement of natural sand by bottom
ash with respect to controlled concrete was shown in figure
5.4. The density of hardened concrete was linearly
decreased as the replacement ratio of bottom ash was
increased. The density of reference concrete was 2419.85,
2474.67, 2433.19 and 2465.78 kg/m3 for 7, 28, 56 and 112
days. The density of 10 % replacement was increased by
0.04 % for 7 days, then it is gradually decreased from
2.31% to 13.53%, 1.32% to 16.32, 2.67% to 14.89 and
1.46% to 18.37% for cube specimen when natural sand was
replaced from 10 % to 100 % b y bottom ash at 7, 28, 56,
and 112 days.
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7 days
56 days

28 days
112 days

Density of concrete

2500
2000
1500
1000

replacement. This test was conducted according to
Germen code DIN-1048. It was found that the
permeability up to 20 % replacement was decreased
and after that the permeability was increased from
2.27% to 93.18% from 30 % to 100 % replacement.
According to this code maximum permeability
allowed is 25 mm.

500

cc 10 20 30 40 50 60 70 80 90 100
Percentage replacement
Figure 7. Density of coal bottom ash concrete with age

J.

E→ Effect of coal bottom ash on modulus of
elasticity at 28 days
The moduluous of Elasticity of cube specimen is
calculated according to IS: 456-2000 by the formula
where
fck is 28 days cube compressive strength. It was found
that the modulus of elasticity decreased in accordance
with an increase of replacement of natural sand by
bottom ash. The moduluous of Elasticity of reference
concrete was 0.322 × 103 N/mm2. The moduluous of
elasticity for 10 and 20 % replacement is increased by
1.5 % and 1.24 % with respect to controlled concrete
then the modulus of elasticity was decreased from
2.75 % to 18.63% as compared to controlled
concrete. The figure 8 shows the variation in
moduluous of Elasticity for 28 days cube for 28,
days.

Modulus of Elasticity at 28
days in 105

0.35
0.3
0.25
0.2
0.15

Modulus of Elasticity at…

0.1
0.05
0

CC 10 20 30 40 50 60 70 80 90 100
Percentage Replacement

Figure 8. Effect of coal bottom ash on modulus of elasticity at
28 days

K. D→ Effect of coal bottom ash on Permeability at
28 days
Concrete cubes of size 150 mm × 150 mm × 150
mm were cast with and without coal bottom ash then
the cube is cured for 28 days. The cubes were tested
for water permeability. The apparatus consist of
compressor with pressure of 5 bars. The cubes were
kept in permeability apparatus for 72 hours for water
pressure of 5 bars. The cubes are removed from the
set-up and all cubes are kept in CTM with the help of
splitting device to divide in to two equal parts. After
splitting the cubes water penetration were measured
immediately. The test results were shown in Figure 9
controlled concrete as well as for different

Permeability at 28 days

50

0

Permeability at 28 days

40
30
20
10
0
CC 10 20 30 40 50 60 70 80 90 100
Percentage Replacement

Figure 9. Effect of coal bottom ash on modulus of elasticity at
28 days

V. CON CLUSIONS
In this report experimental results are presented to
evaluate the feasibility of utilizing of bottom ash as
fine aggregates in concrete with compressive strength
of 35 Mpa for slump as 100 mm ± 10 mm. With
different water cement ratio for different percentage
replacement with age of concrete and following
conclusion.
► The compressive strength for 7, 28, 56 and 112
days was increased up to 20% replacement and
after that compressive strengths were decreased
from 30% to 100% replacement.
► The split tensile strength was increased at 7, 28,
56 and 112 days for 10% to 30% replacement
and after that it was decreased for remaining
replacement.
► The flexural strength was increased for 10 %, 30
% replacement and after that it was decreased.
► The densities of hardened concrete linearly
decreased as the replacement ratio of bottom ash
was increased from 10% to 100% as compared to
controlled concrete.
► It was found that the Modulus of Elasticity
decreased in

Figure 10 Permeability test appratus cube specimen at 28 days
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accordance with an increase in replacement of natural
sand by bottom ash. The moduluous of elasticity of
reference concrete was 32.20 × 103 N/mm2. The
moduluous of elasticity for 10 % replacement was
increased by 1.55 % to 1.24% for 10% and 20 %
replacement respectively.
►It is found that the permeability up to 30 %
replacement, decreased and after that permeability
was increased from 60 % to 100 % replacement.
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